INTRODUCTION {#sec1-1}
============

Acute spinal cord injury (SCI) is a potentially devastating occurrence that affects 270,000 people each year in the United States and is expected to increase.\[[@ref1][@ref2][@ref3]\] Recovery from SCI is highly variable and felt to be associated with a multitude of factors including the care rendered during the acute hospital setting.

One such intervention is raising the blood pressure to improve blood flow to the penumbra of tissue near the injury site that is at risk of edema and infarction. This risk is accentuated by impaired vascular reactivity and loss of auto-regulation of the injured spine, making it vulnerable to systemic hypotension and impaired functional recovery.\[[@ref4][@ref5][@ref6][@ref7]\]

Raising the blood pressure is often accomplished with volume resuscitation and vasopressor support; however, there is no gold standard in terms of optimal perfusion.\[[@ref8]\] There have been several published studies on the effect of blood pressure management in acute SCI, the largest of which contained 103 patients, 41 of which required vasopressors.\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] Despite this, there only exists Level III evidence suggesting a target mean arterial pressure (MAP) goal of 85-90 mmHg.\[[@ref9]\]

The most tangible outcome of improved spinal cord perfusion is ultimate functional neurologic outcome. In this current study, we hope to assess the largest published cohort of acute SCI patients and evaluate functional outcome as it relates to set MAP goals during hospitalization. We hypothesize that increased spinal cord perfusion will not be associated with improved functional outcome by hospital discharge. Spinal cord perfusion will be measured using both MAP and number of episodes of hypotension during the initial hospitalization.

MATERIALS AND METHODS {#sec1-2}
=====================

This single institution study was conducted at a level 1 trauma center and regional SCI center (one of 14 such centers designated by the National Institute on Disability and Rehabilitation Research). With Institutional Review Board approval, a retrospective review of the prospectively-entered trauma database was performed to identify all patients with an acute cervical or thoracic SCI during a 2.5-year period, January 2007 through June 2009.

The database was used to collect standard demographic data. The hospital\'s electronic medical record was then queried for lowest and average MAP for each hour of the initial 72 h of hospitalization. This allowed for quantification of mean MAP and the total number of episodic relative hypotensive events (maximum 1/h). These relative hypotensive events were subsequently denoted by the creation of theoretic MAP set points (\>90, \>85, \>70, \>65 mmHg) for which the data were compared. At each MAP set point, patients were divided into a quartile distribution based on the number of relative hypotensive events. Division into quartiles and not using the absolute number of events was necessary as the number of events differed significantly based on the theoretic MAP goal set point.

Severity of SCI and functional improvement was assessed using the American spinal injury association\'s (ASIA) motor score (AMS). AMS is more reliable than the more popular ASIA grade because it allows for each limb to be scored separately increasing its sensitivity and has thus been found to be the best indicator for observing the effects of therapeutic interventions.\[[@ref19][@ref20][@ref21]\] AMS is calculated by assessing function in 5 key muscle groups per extremity, each muscle group with a maximum score of 5, creating a total body maximum score of 100.\[[@ref7]\]

American spinal injury association motor score data were abstracted from the daily progress notes of the physical medicine and rehabilitation (PM&R) physicians. In a similar fashion to mean, MAP and number of relative hypotensive episodes, admission AMS and the change in AMS during the hospitalization was assessed in quartile fashion using the same theoretic MAP goal set points. Finally, the need for vasopressor support during the initial 72 h of hospitalization was also recorded for each patient.

Statistical analysis was performed using SPSS Version 20.0.0 (SPSS, Inc., 2011, Chicago, IL, USA). All data were subjected to descriptive statistical analysis yielding frequency scores for categorical data and mean scores with standard deviations for continuous/interval data. Statistically significant differences were evaluated by conducting inferential statistical analysis using the Chi-square test or Fisher\'s Exact test for categorical variable comparisons and the Student\'s *t*-test or analysis of variance (ANOVA) for continuous/interval data comparisons. Bonferroni correction was used to compare the number of patients in one quartile with the other quartiles while running the ANOVA. A *P* ≤ 0.05 was considered as statistically significant.

RESULTS {#sec1-3}
=======

Two hundred and twenty-three patients presented with acute cervical and thoracic SCI during the study period. [Figure 1](#F1){ref-type="fig"} displays those patients who were excluded from data analysis for missing telemetry data, AMS documentation, or missing charts. Ultimately, 105 patients were used for a complete analysis.

![Patient selection and exclusion criteria. SCI: spinal cord injury, MAP: mean arterial pressure, AMS: ASIA motor score](JETS-8-94-g001){#F1}

When patient telemetry data were subjected to theoretic MAP set points, the number of episodes below that set point was calculated. Patients were then grouped into quartiles for statistical analysis based on the number of episodes. [Table 1](#T1){ref-type="table"} displays the results of the set points 90, 85, 70, and 65 mmHg. At the 90 and 85 mmHg set points, a statistically significantly higher number of relative hypotensive episodes related to lower admission AMS; however, there was no related difference in the change in AMS during the acute hospitalization. This difference was no longer statistically significant at lower theoretic MAP set points (70 and 65 mmHg).

###### 

The effect of admission AMS and change in AMS during hospitalization on the number of episodes of hypotension (stratified by quartile); further stratified by theoretic MAP goal set-point

![](JETS-8-94-g002)

[Table 2](#T2){ref-type="table"} displays patient demographics, mechanisms of injury, and injury level. It then further segregates data by improvement or worsening of AMS during the acute hospital admission. Other than injury severity score, no statistically significant differences were found. [Table 3](#T3){ref-type="table"} displays the need for vasopressors and correlates that with the AMS at admission change in AMS during hospitalization, and the number of hypotensive episodes at each theoretic MAP goal set point. Results revealed the need for vasopressors correlated with the number of hypotensive episodes and inversely related to admission AMS at all theoretic MAP goal set points, but was not correlated with the change in AMS during the hospitalization.

###### 

Patient demographics and clinical features with comparison of those whose AMS improved vs. those whose worsened during the admission
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###### 

The effect of the admission AMS, change in AMS during hospitalization and the number of hypotensive episodes by theoretic MAP goal set-point versus the need for vasopressors
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DISCUSSION {#sec1-4}
==========

This study revealed significant variances in the hemodynamics of acute SCI patients. Our results showed lower MAPs, more frequent hypotensive episodes, and an increased need for vasopressors occurred in patients with more severe injuries. These factors, however, did not affect the change in AMS during hospitalization. These findings are significant because contemporary clinical practice in SCI still includes driving MAP goals to supra-physiologic levels.

Maintaining supra-physiologic MAP goals is not without consequence. Additional intra-vascular volume and vasopressors are often employed to meet treatment objectives. Whereas in true vasoplegia, where these agents improve outcome despite side-effects, there use to create relative hypertension alters this risk/benefit ratio. Further, over resuscitation with volume can result in fluid overload that has been associated with both cardio-pulmonary complications and surgical complications.\[[@ref22][@ref23]\] Thus, deploying these strategies warrants appropriate considerations of the deleterious effects and determining the associated risk/benefit ratio.

Appropriate patient selection is one method of optimizing the risk to benefit ratio. Complete recovery is extremely rare and even more so with complete SCI. Fortunately, approximately 60% of acute SCIs are incomplete, a percentage that has increased in the last 15 years.\[[@ref3]\] Focusing therapy on this select population may be an area worthy of future study. Similarly, this study only included cervical and thoracic SCI patients. This select population was chosen secondary to the greater likelihood of autonomic dysregulation from loss of normal sympathetic function. Lumbar SCI patients are theoretically less likely to benefit from induced hypertension.

Having conducted this study at a regional SCI center, the study population is likely biased toward more severe injuries that community practitioners felt were too complex. These more severe injuries may have biased our results but at the same time represent the most at-risk population. The lack of support for increasing MAP goals in our results is despite the fact that not only does our center practice induced hypertension, but it also has all of the collaborative resources of a regional SCI center. This includes the multidisciplinary coordination of care between trauma, orthopedics, neurosurgery, PM&R, amongst others.

An added benefit of regional SCI centers is the close association with rehabilitation facilities. Substantial recovery can take place in the weeks to months following injury. AMS improvements can, therefore, be noted during the acute hospitalization, but also at rehab and beyond. Our dataset was limited to the acute hospitalization, but future studies of more delayed outcomes may yield different findings.

Another consideration for our negative findings is the diversity of our patient population. Perhaps some patients normally require a hypertensive state due to chronic vascular disease and after injury are relatively hypotensive as compared to their baseline. This is well described in hypertensive end-stage renal patients who become transiently relatively hypotensive during dialysis and develop cardiac ischemia.\[[@ref24]\] In our study, we did not look at preexisting hypertension but this may be a more select population to study for the benefits of increased MAP goals after SCI.

Another limitation of the current study is the fact that we only looked at the lowest MAP during a 1 h period, but we do not have a record of how long that hypotensive episode lasted. In theory, this limitation should affect both groups equally but this cannot be measured within the limits of our retrospective dataset. Finally, a single institution and retrospective nature of this study are also noted limitations.

CONCLUSION {#sec1-5}
==========

The frequency of episodes of relative hypotension and the need for vasopressors are progressively related to more severe SCI, as denoted by lower admission AMS. However, episodes of hypotension and the need for vasopressors did not affect the change in AMS during the acute hospitalization, regardless of theoretic MAP goal set-point. Arbitrarily elevated MAP goals may not be efficacious but further prospective study with longer-term follow-up is needed.
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